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(57) ABSTRACT

In a mobile communication system, a central control unit
assigns pairs of upstream and downstream channels to
mobile station units located in a radio zone of a base station
unit to carry out a two-way communication between the
mobile station units, and the central control unit assigns
pairs of upstream and downstream channels to the mobile
station units to carry out a one-to-multiple group commu-
nication between the mobile station units. A memory unit
stores vacant channel data indicative of the presence of a
vacant channel with respect to the group communication
carried out by the channel assignment of the central control
unit. A broadcast message unit transmits a broadcast mes-
sage containing the vacant channel data, stored in the
memory unit, to each of the mobile station units. A message
rece1ving unit receives the broadcast message transmitted by
the broadcast message unit. A call request transmission unit
transmits, when the vacant channel data of the received
message 1ndicates the presence of the vacant channel, a call
request for a one-way communication using the vacant
channel, to the base station unit. The central control unit
assigns the vacant channel to one of the mobile station units
in response to a call request for a one-way communication
using the vacant channel, which 1s sent by one of the mobile
station units, and updates the vacant channel data, stored in
the memory unit, as a result of the assignment of the vacant
channel.

9 Claims, 16 Drawing Sheets
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MOBILE COMMUNICATION SYSTEM AND
A CONTROL UNIT OF THE SYSTEM FOR
EFFICIENT USE OF VACANT CHANNELS IN
ONE-WAY COMMUNICATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a mobile communication
system that carries out digital communication with efficient
use of vacant channels 1n a one-way communication which
1s performed by separately assigning different channels for
the transmission and the receiving. The present mvention
relates to a method for channel assignment of the mobile
communication system. Further, the present related to a
control unit for use in the mobile communication system.

2. Description of the Related Art

A mobile communication system that 1s designed to carry
out public service operations, such as fire or police call
management operations, by using a multi-channel access
(MCA) technique is known. FIG. 20 shows a conventional
mobile communication system of this type.

In the conventional mobile communication system of
FIG. 20, mobile station units 10, base station units 20, and
a central control unit 30 are provided. Each of the mobile
station units 10 1s formed by mounting a radio communi-
cation device on a fire engine or the like. The base station
units 20 and the mobile station units 10 communicate with
cach other by using radio channels. The central control unit
30 controls the radio channels of the base station units 2(
and 1s linked to a core network L.

Generally, 1n the mobile communication system, a mul-
fiple access communication 1s performed by using the fre-
quency division multiple access (FDMA) method or the time
division multiple access (TDMA) method. Alternatively, the
code division multiple access (CDMA) method may be used
to perform the multiple access communication.

In the above conventional mobile communication system,
a two-way communication between the mobile station units
10 1s normally performed. In the central control unit 30,
upstream and downstream communication channels are
assigned to each of the respective mobile station units 10
that perform the two-way communication, in order to
achieve the two-way communication between the mobile
station units 10. Another type of the one-way communica-
tion between the mobile station units 10, which 1s carried out
in the conventional mobile communication system of FIG.
20, 1s a one-to-multiple one-way communication in which a
single transmitter sends information to multiple receivers.

A description will be given of the one-to-multiple one-
way communication (hereinafter, called the group

communication) between the mobile station units 10 with
reference to FIG. 20).

Suppose that, in the mobile communication system of
FIG. 20, the FDMA method 1s used to carry out the group
communication. In the FDMA method, the available channel
bandwidth 1s divided into a number of frequency non-
overlapping subchannels and a subchannel 1s assigned to
cach mobile station unit 10 upon request by the mobile
station units 10.

As shown 1n FIG. 20, the mobile station units 10-1 and
10-2 exist 1n a radio zone “ZoneA” of the base station unit
20-1, and the mobile station units 10-3 and 10-4 exist 1n a
radio zone “ZoneB” of the base station unit 20-2. In the
mobile communication system of FIG. 20, the mobile station
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2

units 10-1 through 10-4 pertain to the same group (called
group 1) for the group communication.

When a request for the group communication related to
the group 1 1s transmitted by the mobile station unit 10-1, the
central control unit 30 receives the group communication
request via the base station unit 20-1. In response to the
request, the central control unit 30 retrieves the radio zone
in which the mobile station units pertaining to the group 1
exist, by accessing, through the core network, a home
location register (HLLR) S0 that is connected to the core
network. As described above, the mobile station units 10-2,
10-3 and 10-4 pertain to the group 1, the mobile station unit
10-2 exists 1n the radio zone “ZoneA” of the base station unit
20-1, and the mobile station units 10-3 and 10-4 exist in the
radio zone “ZoneB” of the base station unit 20-2.

FIG. 21 shows a channel assignment of the conventional
mobile communication system of FIG. 20 in which radio
channels are assigned to the mobile stations.

As shown m FIG. 21, in the above case of the group
communication request, the central control unit 30 assigns
an upstream subchannel fl1 (channell) and a downstream
subchannel £2 (channel2) for the radio zone ZoneA of the
base station unit 20-1, and assigns an upstream subchannel
f3 (channeld) and a downstream subchannel {4 (channel4)
for the radio zone ZoneB of the base station unit 20-2. This
channel assignment 1s the same as that in the case of the
normal two-way communication.

During the group communication between the mobile
station units, the mobile station unit 10-1 transmits an
upstream group-communication signal at the frequency {1 to
the central control unit 30, whereas the central control unit
30 transmits a downstream group-communication signal at
the frequency 12 to the mobile station unit 10-2 and transmits
a downstream group-communication signal at the frequency
f4 to the mobile station units 10-3 and 10-4. Hence, the
one-to-multiple one-way communication between the
mobile station units 10 (or the group communication) is
carried out by the conventional mobile communication
system.

In the TDMA method, the multiple subchannels for mul-
tiple access are created by dividing the frame duration into
a number N of non-overlapping subintervals, each of 1ndi-
vidual durations divided by the number N. Then each mobile
station unit that requests the group communication 1is
assigned to a particular time slot within each frame. In the
CDMA method, each mobile station unit is assigned a
unique code sequence that allows the mobile station unit to
spread the information signal across the assigned frequency
band. Thus, the multiple subchannels for multiple access are
created.

However, the conventional mobile communication sys-
tem assigns the subchannels to the mobile station units 1n the
group communication (the one-way communication) in a
manner that 1s the same as in the normal two-way commu-
nication. According to the channel assignment of the con-
ventional mobile communication system, the subchannels
that are not used for the group communication are also
assigned to the mobile station units. As a result, the efli-
ciency of use of the available frequency channels 1s lowered.

As described above, the conventional mobile communi-
cation system assigns both the upstream subchannel and the
downstream subchannel for each base station unit 20 during
the group communication. In the channel assignment of FIG.
21, the upstream subchannel 3 i1s assigned for the base
station unit 20-2, but only the downstream subchannel 14 is
used to transmit the group-communication signal to the
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mobile station units 10-3 and 10-4 during the group com-
munication. Therefore, during the group communication of
the conventional mobile communication system, the vacant
channels (for example, £3) are always provided in the base
station units 20 that are different than the base station unit 20
including the mobile station unit 10 transmitting the group
communication request and include the mobile station units
10 related to the group specified by the request.

Further, 1n the conventional mobile communication sys-
tem of FIG. 20, the mobile station unit 10-2 pertains to the
base station unit 20-1 that includes the mobile station unit
10-1 transmitting the group communication request, and 1s
included 1in the radio zone of the base station unit 20-1. In
this case, the downstream subchannel {2 1s assigned to the
mobile station unit 10-2 1n the base station unit 20-1, and the
downstream subchannel 12 1s used to transmit the group-
communication signal to the mobile station umt 10-2.
However, there 1s a case 1n which the mobile station unit 10
related to the group specified by the group communication
request 1s not 1ncluded in the radio zone of the base station
unit 20-1 including the mobile station unit 10-1 transmitting,
the group communication request. In the latter case, the
downstream subchannel 1s assigned to that mobile station
unit 10, but the downstream subchannel 1s not used to
transmit the group-communication signal to that mobile
statton unit 10. As a result, the efliciency of use of the
available frequency channels 1s lowered.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide an 1mproved mobile communication system 1n
which the above-described problems are eliminated.

Another object of the present mmvention 1s to provide a
mobile communication system 1n which a one-way commu-
nication 1s carried out with efficient use of the vacant
channels as 1n the group communication performed by the
conventional mobile communication system.

Another object of the present mmvention 1s to provide a
method for channel assignment of a mobile communication
system 1n which a one-way communication 1s carried out
with efficient use of the vacant channels as in the group
communication performed by the conventional mobile com-
munication system.

Another object of the present mvention 1s to provide a
control unit for use 1n a mobile communication system,
which 1s configured to carry out a one-way communication
with efficient use of the vacant channels as in the group
communication performed by the conventional mobile com-
munication system.

According to one preferred embodiment of the present
invention, a mobile communication system 1n which pairs of
upstream and downstream channels are assigned to mobile
station units located 1n a radio zone of a base station unit to
carry out a two-way communication between the mobile
station units, and pairs of upstream and downstream chan-
nels are assigned to the mobile station units to carry out a
one-to-multiple group communication between the mobile
station units, 1ncludes: a detection unit which detects a
vacant communication channel that exists with respect to the
group communication carried out i1n the system; and a
channel assignment unit which assigns the vacant commu-
nication channel, detected by the detection unit, for a
one-way communication different from the group commu-
nication.

According to one preferred embodiment of the present
invention, a method for channel assignment of a mobile
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4

communication system i1n which pairs of upstream and
downstream channels are assigned to mobile station units
located 1n a radio zone of a base station unit to carry out a
ftwo-way communication between the mobile station units,
and pairs of upstream and downstream channels are assigned
to the mobile station units to carry out a one-to-multiple
group communication between the mobile station units,
includes the steps of: detecting a vacant communication
channel that exists with respect to the group communication
carried out 1n the system; and assigning the vacant commu-
nication channel, detected in the detecting step, for a one-
way communication different from the group communica-
tion.

According to one preferred embodiment of the present
invention, a mobile communication system in which a
central control unit assigns pairs of upstream and down-
stream channels to mobile station units located 1n a radio
zone of a base station unit to carry out a two-way comimu-
nication between the mobile station units, and the central
control unit assigns pairs of upstream and downstream
channels to the mobile station units to carry out a one-to-
multiple group communication between the mobile station
units, includes: a memory unit which 1s provided in the
central control unit and stores vacant channel data indicative
of the presence of a vacant channel with respect to the group
communication carried out by the channel assignment of the
central control unit; a broadcast message unit which 1is
provided in the base station unit and transmits a broadcast
message containing the vacant channel data, stored in the
memory unit, to each of the mobile station units; a message
receiving unit which 1s provided 1n one of the mobile station
units and receives the broadcast message transmitted by the
broadcast message unit; and a call request transmission unit
which 1s provided 1n the one of the mobile station units and
transmits, when the vacant channel data of the received
message 1ndicates the presence of the vacant channel, a call
request for a one-way communication using the vacant
channel, to the base station unit, wherein the central control
unit assigns the vacant channel to the one of the mobile
station units 1n response to a call request for a one-way
communication using the vacant channel, which is sent by
the one of the mobile station units, and updates the vacant
channel data, stored 1n the memory unit, as a result of the
assignment of the vacant channel.

According to one preferred embodiment of the present
invention, a mobile communication system in which a
central control unit accesses a home location register that
manages location information of respective mobile station
units, the central control unit assigning pairs of upstream and
downstream channels to mobile station units located 1n a
radio zone of a base station unit to carry out a two-way
communication between the mobile station units, and the
central control unit assigning pairs of upstream and down-
stream channels to the mobile station units to carry out a
one-to-multiple group communication between the mobile
station units, the mobile station units 1n the group commu-
nication including a transmitter mobile station unit and a
receiver mobile station unit, the mobile communication
system 1ncludes: a channel control unit which is provided in
the central control unit and transmits, when the transmitter
mobile station unit 1s located 1n the radio zone and the
receiver mobile station unit 1s not located 1n the radio zone,
vacant channel data, indicating that an upstream communi-
cation channel corresponding to a downstream communica-
tion channel used in the group communication 1s unused, to
a second base station unit of the receiver mobile station, the
channel control unit assigning, when a call request for a
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one-way communication using the upstream communication
channel 1s received from the second base station unit, the
upstream communication channel to the receiver mobile
station unit; and a call request transmission unit which 1s
provided 1n the receiver mobile station unit and transmits,
when the vacant channel data transmitted by the channel
control unit 1s received, the call request for the one-way
communication, to the second base station unit, so that the
receiver mobile station unit performs the one-way commu-

nication using the upstream communication channel.

According to one preferred embodiment of the present
invention, a control unit for a mobile communication system
includes: a first unit which assigns pairs of upstream and
downstream channels to mobile station units located m a
radio zone of a base station unit to carry out a two-way
communication between the mobile station units; a second
unit which assigns pairs of upstream and downstream chan-
nels to the mobile station units located 1n the radio zone of
the base station unit to carry out a one-to-multiple group
communication between the mobile station units; a memory
unit which stores vacant channel data indicating the pres-
ence of a vacant channel with respect to the group commu-
nication carried out by the channel assignment of the second
unit; a transmission unit which transmits the vacant channel
data, stored 1n the memory unit, to a desired one of the
mobile station units via the base station unit; and a vacant
channel data unit which assigns the vacant channel to the
desired one of the mobile station units 1n response to a call
request for a one-way communication using the vacant
channel, which 1s sent by the desired one of the mobile
station units, and the vacant channel data unit updating the
vacant channel data, stored 1n the memory unit, as a result
of the assignment of the vacant channel.

According to one preferred embodiment of the present
invention, a mobile station unit for use 1 a mobile commu-
nication system, includes: a call setup unit which establishes
a call between the mobile station unit and a base station unit
having a radio zone where the mobile station unit 1s located;
a control unit which receives, when the mobile station unit
1s 1n one of a waiting condition and a receiving condition of
a group communication, vacant channel data sent by the
base station unit, the vacant channel data indicating the
presence of a vacant channel 1n the group communication,
the control unit storing the received channel data into a
memory area of the mobile station unit, and determining
whether the vacant channel exists, based on the stored
channel data; and a transmaission unit which transmits, when
the control unit determines that the vacant channel exists, a
call request for a one-way communication using the vacant
channel to a central control unit via the base station unit.

In the mobile communication system of the above pre-
ferred embodiments, the base station unit transmits a broad-
cast message to ecach mobile station unit by using the
downstream control channel or the downstream communi-
cation channel, and the mobile station unit can 1ndepen-
dently determine whether the vacant channel exists, and can
transmit, 1f 1t exists, a call request for a one-way
communication, which uses the vacant channel, to the base
station unit. The call request, transmitted by the mobile
station unit, 1S delivered to the central control unit via the
base station unit. In response to the call request, the central
control unit or the base station unit determines whether the
vacant channel actually exists in the radio zone of the base
station unit where the mobile station unit originating the call
request 1s located. When the vacant channel exits, the central
control unit assigns the vacant channel to the mobile station
unit originating the call request. Then the central control unit
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transmits a result of the channel assignment concerning the
mobile station unit to the base station unit.

Accordingly, the mobile communication system of the
above preferred embodiments 1s effective 1in providing effi-
cient use of the available frequency channels. It 1s not
necessary to perform a preliminary communication 1n order
to ensure the channel needed for the mobile station unit to
perform a one-way communication. The mobile communi-
cation system of the above preferred embodiments can carry
out a one-way communication with efficient use of the
vacant channels as 1n the group communication performed
by the conventional mobile communication system.

BRIEF DESCRIPITION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become apparent from the following detailed
description when read in conjunction with the accompany-
ing drawings.

FIG. 1 1s a block diagram of a mobile communication
system to which one preferred embodiment of the invention
1s applied.

FIG. 2 1s a block diagram of a mobile station unit 1 the
mobile communication system of the present embodiment.

FIG. 3 1s a block diagram of a base station unit in the
mobile communication system of the present embodiment.

FIG. 4 1s a block diagram of a central control unit 1n the
mobile communication system of the present embodiment.

FIG. 5A and FIG. 5B are diagrams for explaining channel
formats of common access channel of an upstream control
channel and a downstream control channel.

FIG. 6 A and FIG. 6B are diagrams for explaining channel
formats of user specific channel of an upstream communi-
cation channel and a downstream communication channel.

FIG. 7 1s a diagram for explaining the contents of a
channel management memory 1 a communication state
monitor portion of the base station unit.

FIG. 8 1s a flowchart for explaining a vacant channel data
recording procedure executed by the communication state
monitor portion.

FIG. 9 1s a flowchart for explaining a vacant channel data
deleting procedure executed by the communication state
monitor portion.

FIG. 10 1s a diagram for explaining a broadcast message
of the communication state information sent by a broadcast
message portion of the base station unit.

FIG. 11 1s a flowchart for explaining a communication
state 1nformation receiving procedure executed by the
mobile station unit.

FIG. 12 1s a flowchart for explaining a communication
state 1nformation receiving procedure executed by the
mobile station unit.

FIG. 13 1s a diagram for explaining a call request pro-
cessing sequence performed by the mobile station unit to the
base station unit.

FIG. 14 1s a flowchart for explaining a call request
message transmission procedure executed by the mobile
station unit.

FIG. 15 1s a diagram for explaining collision control
information sent by the base station unit.

FIG. 16 1s a diagram for explaining a transmission radio
condition message sent by the mobile station unit.

FIG. 17 1s a flowchart for explaining a transmission
procedure executed by the mobile station unit.
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FIG. 18 1s a diagram for explaining an access allowance
message sent by the base station unat.

FIG. 19 1s a flowchart for explaining a communication
channel synchronization procedure executed by the mobile
station unit.

FIG. 20 1s a block diagram of a conventional mobile
communication system.

FIG. 21 1s a diagram for explaining a channel assignment
of the conventional mobile communication system in which
radio channels are assigned to the mobile stations.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

A description will now be provided of the preferred
embodiments of the present invention with reference to the
accompanying drawings.

FIG. 1 shows a configuration of the mobile communica-

fion system to which one preferred embodiment of the
invention 1s applied.

As shown 1n FIG. 1, 1n the mobile communication system
1, mobile station units 10, base station units 20, and a central
control unit 3 are provided. Each of the mobile station units
10 performs a one-way communication by using specific
radio channels. Each of the base station units 20 establishes
a call between the base station unit 20 and each mobile
station unit 10 existing in the radio zone covered by the base
station unit 20, and passes on a communication signal from
one of the base station units 10 to another during the
one-way communication. The central control unit 30 con-
trols the base station units 20 that are linked to the central
control unit 30.

The central control unit 30 1s linked to other central
control units 40 via a core network L. The central control
unit 30 1s capable of accessing a home location register
(HLR) 50 through the core network L. In the home location
register (HLR) 50, location information of the respective
mobile station units 10 1s managed and accessed by the
central control unit 30 through the core network L.

In the mobile communication system 1, a two-way com-
munication between the mobile station units 10 1s normally
performed. In the central control unit 30, upstream and
downstream communication channels are assigned to each
of the respective mobile station units 10 that perform the
two-way communication. In addition, another type of the
one-way communication between the mobile station units
10, which 1s carried out 1n the above-described mobile
communication system 1, 1s the one-to-multiple one-way
communication (or the group communication) in which a
single transmitter sends information to multiple receivers.

The mobile station units 10 are constituted by either radio
communication devices mounted on vehicles or portable
radio communication devices carried by the users. FIG. 2
shows a configuration of one of the mobile station units 10
in the mobile communication system of FIG. 1. As shown 1n
FIG. 2, the mobile station unit 10 generally includes a
transmitter/receiver portion 11, a channel data storage por-
fion 12, and a mobile-station control portion 13. The
transmitter/recerver portion 11 performs a radio communi-
cation with the base station unit 20. The channel data storage
portion 12 includes a memory area in which communication
state information, received from the base station unit 20, 1s
temporarily stored. The mobile-station control portion 13
determines whether the vacant channel exists, based on the
communication state information stored in the channel data
storage portion 12. When the vacant channel exists, the
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mobile-station control portion 13 transmits a call request to
the base station unit 20.

FIG. 3 shows a configuration of one of the base station
units 20 1n the mobile communication system of FIG. 1. The
base station unit 20 serves to pass on a communication
signal from one of the base station units 10 to another during
the one-way communication. As shown 1n FIG. 3, the base
statton unit 20 generally includes a transmitter/receiver
portion 21, a control-unit interface 22, a communication
state monitor portion 23, a mobile-station management
portion 24, a broadcast message portion 25, and a base-
station control portion 26.

In the base station unit 20 of FIG. 3, the transmitter/
receiver portion 21 performs a radio communication with
the mobile station units 10. The control-unit interface 22
provides an interface of the base station unit 20 to the central
control unit 30. The communication state monitor portion 23
monitors the state of radio channel assignment and the
up/down direction code based on the contents of a control
channel (which will be described later), and generates a
communication state signal based on the results of the
monitoring. The communication state signal, generated by
the communication state monitor portion 23, 1s indicative of
whether the vacant channel that can be assigned to the
mobile station unit 10 exists among the radio channels of the
base station unit 20. The mobile-station management portion
24 manages the respective mobile station units 10 that exist
in the radio zone covered by the base station unit 20. The
broadcast message portion 25 transmits a broadcast message
containing the communication state information to each
mobile station unit 10 that exist in the radio zone covered by
the base station unit 20. Upon request by one of the mobile
station units 10 1 response to the message sent by the
broadcast message portion 25, the base-station control por-
tion 26 controls the channel assignment such that the vacant
channel 1s assigned to the one of the mobile station units 10.

In the base station unit 20 of FIG. 3, the functions of the
respective portions 23 through 26 are achieved by executing
program code instructions stored in a computer readable
storage medium 1n the base station unit 20.

FIG. 4 shows a configuration of the central control unit 30
in the mobile communication system of FIG. 1. As shown 1n
FIG. 4, the central control unit 30 generally includes an HLLR
(home location register) interface 31, a base-station interface
32, a control-unit interface 33, a communication state moni-
tor portion 34, and a main control portion 35. The HLR
interface 31 provides an interface of the central control unit
30 to the HLR 50. The base-station interface 32 provides an
interface of the central control unit 30 to the base station
units 20. The control-unit interface 33 provides an 1nterface
of the central control unit 30 to the other central control units
40. The communication state monitor portion 34 monitors
the state of radio channel assignment for each of the respec-
five base station units 20. The main control portion 35 has
a primary function to detect the available communication
channels based on the current communication state
information, so that the channel assignment for the base
station units 20 1s controlled.

In the actual configuration of the mobile communication
system 1, there are various variations of the mobile station
units 10, the base station units 20 and the central control unit
30 1n combination. The mobile communication system 1 of
the present embodiment 1s a typical example of a large-scale
mobile communication system when it 1s demanded. When
a small-scale mobile communication system 1s demanded,
the functions of the central control unit 30 may be incorpo-
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rated 1into one of the base station units 20. When a middle-
scale mobile communication system 1s demanded, the inter-
connection between the central control unit 30 and the other
central control units 40 via the core network L may be
eliminated.

In the mobile communication system of the present
embodiment, a digital communication between the mobile
station unit 10 and the base station unit 20 1s carried out by
using m/4-shift QPSK (quadrature phase shift keying)
method with the carrier frequencies of 400 MHz band. The
channel assignment of the downstream channels 1s based on
TDM (time division multiplexing) method, and the channel
assignment of the upstream channels 1s based on TDMA
(time division multiple access) method. The radio channels
used 1n the digital communication of the above type are
categorized 1nto the control channel and the communication
channel, which depends on the kind of the time slots
contained in the radio channel. The control channel 1s a radio
channel contamning commonly assigned time slots, whereas
the communication channel 1s a radio channel containing

individually assigned time slots.

A detailed description of the functions of each of the
control channel and the communication channel 1s given by
a known industrial standard RCR-Standard-39. When the
nt/4-shift QPSK method 1s used, the control channel 1includ-
ing the commonly assigned time slots 1s called CAC
(common access channel), and the communication channel
including the individually assigned time slots 1s called USC
(user specific channel).

A description will now be provided of each of the com-
mon access channel CAC and the user specific channel USC.

The common access channel CAC 1s the control channel
that 1s commonly used by the users for message broadcast-
ing and call establishment. The CAC comprises BCCH
(broadcast control channel), CCCH (common control
channel), and UPCH (user packet control channel). The
BCCH 1s a downstream channel that 1s used for the base
station unit 20 to deliver the call establishment control
information to the mobile station unit 10. The control
information delivered with the BCCH includes a message
kind, a network identifier data octet number, a network
identifier, various restriction data, a control channel struc-
ture code, a mobile station transmit power designation, a
receiving allowance level, a receiving degradation level, the
number of neighboring-zone check perch channels, a perch
channel number, a location registration timer, an extended
data element length (O through 127 bits), an extended data
element (the user’s option), an upstream/downstream
direction, and a mandatory/option kind code. In the present
embodiment, the communication state information 1s trans-
mitted by using the extended data element of the control
information for the BCCH.

The common control channel CCCH 1s a one-to-multiple
two-way control channel that 1s used to deliver the control
information needed for call establishment. In order to allow
the mobile station unit 10 to perform intermittent receiving
operations, PCH (paging channel) and SCCH (signal control
channel) are provided. The PCH is a one-way control
channel that 1s used by the base station unit 20 to perform a
broadcast calling to the mobile station units 10. The SCCH
1s a two-way control channel that 1s used to deliver the
specific-zone signaling control mformation between the
base station unit 20 and the mobile station unit 10.

The user packet control channel UPCH 1s a one-to-
multiple two-way control channel that 1s used to deliver the
system related control data between the base station unit 20
and the mobile station units 10.
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The user specific channel USC 1s a two-way communi-
cation channel that i1s specifically used by each user to
deliver the user information between the mobile station units
10 through the base station unit 20. The USC comprises
TCH (traffic channel) and ACCH (associated control
channel). The TCH is a two-way communication channel
that 1s used to deliver the user information between the
mobile station units 10. The ACCH 1s a control channel used
to deliver the traffic associated control information between
the base station unit 20 and the mobile station unit 10. The
ACCH comprises FACCH (fast associated control channel)
and SACCH (slow associated control channel). The FACCH
1s used to perform a high-speed data transmission of the
traffic associated control mmformation by temporarily stealing
the traffic channel or the user packet channel. The SACCH
1s used to perform a low-speed data transmission of the
fraffic associated control information. In the present

embodiment, the communication state information 1s trans-
mitted by using the FACCH and the SACCH.

FIG. SA shows the channel format of the common access
channel CAC of an upstream control channel that 1s used to
transmit the control information from the mobile station
units to the base station unit 20.

FIG. 5B shows the channel format of the common access
channel CAC of a downstream control channel that 1s used

to transmit the control information from the base station unit
20 to the mobile station unit 10.

In FIG. 5A and FIG. 5B, “LP” denotes a linecarizer
preamble (36 bits), “R” denotes a guard time for burst
transitory response (6 bits), “P” denotes a preamble (56
bits), “SW” denotes a sync word (20 bits), “I” denotes an
idle code (2 bits) indicative of the presence of an idle
condition, “CC” denotes a color code (6 bits) indicative of
the occurrence of an interference, and “G” denotes a guard
time (24 bits) for confirming the distance between the
devices. The “CAC”, included in the channel formats of
FIG. 5A and FIG. §B, denotes a control channel (56 through
112 bits) in a narrow sense, which is inclusive of the PCH,
BCCH and UPCH channels. In FIG. 5A and FIG. 5B, “CI”
denotes a control channel communication indicator (2 bits).
“E”, which 1s affixed to the CAC of the downstream control
channel, denotes collision control information, which will be
described later.

FIG. 6 A shows the channel format of the user specific
channel USC of an upstream communication channel. FIG.
6B shows the channel format of the user specific channel
USC of a downstream communication channel. In FIG. 6A
and FIG. 6B, “R” denotes a guard time for burst transitory

response (6 bits), “P” denotes a preamble (2 bits), “TCH”
denotes the traffic channel (108 through 148 bits) which is
the same as the FACCH described above, “SW” denotes a
sync word (20 bits), “I”’ denotes an idle code (2 bits) which
1s 1ndicative of the presence of an 1dle condition, “CC”
denotes a color code (6 bits) which is indicative of the
occurrence of an imterference, “SACCH” denotes the slow
associated control channel described above (20 bits), and
“(G” denotes a guard time (8 bits) for confirming the distance
between the devices. The “B/I”, included in the downstream
USC channel format of FIG. 6B, denotes a busy/idle code (8
bits), which is indicative of whether the base station unit 20
is in a busy condition (the communication is impossible) or
in an idle condition (the communication is possible).

Next, a description will be provided of the operation of
the mobile communication system of the present embodi-
ment when performing the one-to-multiple one-way com-
munication (or the group communication).
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In the mobile communication system of the present
embodiment, the base station unit 20 monitors the state of
the radio channel assignment 1n the radio zone covered by
the base station unit 20 1tself, whereas the central control
unit 30 monitors the state of the radio channel assignment

for each of the respective base station units 20 linked to the
central control unit 30.

The communication state monitor portion 23 of the base
station unit 20 includes a channel management memory 231.
FIG. 7 shows the contents of the channel management
memory 231 1n the communication state monitor portion 23
of the base station unit 20. The communication state monitor
portion 23 stores vacant channel data, which 1s generated as
a result of the monitoring each time the group communica-
fion 1s performed, into a one-record area of the channel
management memory 231.

As shown 1n FIG. 7, each record of the vacant channel
data stored i1n the channel management memory 231
includes a group ID, a communication channel ID, a vacant
channel ID, and an upstream/downstream direction code.
The group ID identifies a particular group of the mobile
station units 10 when the group communication 1s per-
formed. The communication channel ID 1dentifies a particu-
lar communication channel that i1s correlated to the carrier
frequency used in the group communication. The vacant
channel ID 1idenfifies a particular vacant channel that is
correlated to the frequency of the channel available 1n the
oroup communication. The upstream/downstream direction
code mdicates whether the direction of the group commu-
nication is upstream (UP) or downstream (DN).

FIG. 8 shows a vacant channel data recording procedure
executed by the communication state monitor portion 23 of
the base station unit 20.

As shown 1n FIG. 8, the vacant channel data recording
procedure 1s started by the communication state monitor
portion 23 at the time of a start of the group communication
or at the time of an end of the one-way communication that
1s performed by using the vacant channel i the group
communication. At a start of the vacant channel data record-
ing procedure, the communication state monitor portion 23
determines whether the vacant channel exists, based on the
result of the monitoring of the radio channel assignment
(S101). When the vacant channel exists, the communication
state monitor portion 23 generates a vacant channel data
including the group ID, the communication channel ID, the
vacant channel ID and the upstream/downstream direction,
and stores the vacant channel data into the channel man-
agement memory 231 (S102). After the step S102 is
performed, the vacant channel data recording procedure 1s
terminated.

On the other hand, when the vacant channel does not
exist, the step S102 1s not performed and the vacant channel
data recording procedure i1s terminated. Accordingly, the
contents of the channel management memory 231 are
updated by the communication state monitor portion 23 each
time the group communication 1s performed.

FIG. 9 shows a vacant channel data deleting procedure
executed by the communication state monitor portion 23 of
the base station unit 20.

As shown 1 FIG. 9, the vacant channel data deleting
procedure 1s started by the communication state monitor
portion 23 at the time of an end of the group communication
or at the time of a start of the one-way communication in
which the vacant channel 1s assigned based on the vacant
channel data 1n the group communication. At a start of the
vacant channel data deleting procedure, the communication
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state monitor portion 23 deletes the vacant channel data,
which has been recorded in the channel management
memory 231 in the group communication (S201). After the
step S201 1s performed, the vacant channel data deleting
procedure 1s terminated. Accordingly, the contents of the
channel management memory 231 are updated by the com-
munication state monitor portion 23 each time the group
communication 1s performed.

In the central control unit 30 of the above-described
embodiment, the communication state monitor portion 34
includes a channel management memory that 1s similar to
the channel management memory 231 of the base station
unit 20. Each record of the vacant channel data stored in this
channel management memory of the monitor portion 34
contains a base station unit ID of a particular one of the
respective base station units 20 1n addition to the data
clements of the channel management memory 231 of each
base station unit 20.

Alternatively, the management of the vacant channels
may be performed such that the vacant channel that will be
used 1n a one-way communication 1s set 1n a busy state at a
start of the one-way communication, and 1t 1s set 1in an 1dle
state at an end of the one-way communication for use in a
following one-way communication.

In the base station unit 20 of the above-described
embodiment, the broadcast message portion 25 transmits a
broadcast message containing the communication state
information to all of the mobile station units 10 that exist in
the radio zone covered by the base station unit 20. When the
broadcast message 1s transmitted to the base station units 10
that are 1n a receiving condition of the group
communication, the SACCH or the FACCH of the down-
stream communication channel 1s used to deliver the com-
munication state information. When the broadcast message
1s transmitted to the other base station units 10 that are not
in a receiving condition of the group communication, the
extended data element (the user’s option) provided at the
end of the BCCH of the downstream control channel 1s used
to deliver the communication state i1nformation.
Accordingly, the mobile communication system of the
above-described embodiment can easily carry out the one-
way communication with efficient use of the vacant channels
that are not used 1 the normal group communication, while
satistying the requirements of the existing channel formats.

FIG. 10 shows a broadcast message of the communication
state information sent by the broadcast message portion 25
of the base station unit 20.

As shown 1n FIG. 10, the broadcast message of the
communication state information includes a message kind,
the number of vacant channels, and subsequent data ele-
ments (group number, carrier frequency number, and chan-
nel number), and each of these data elements includes the
upstream/downstream (UP/DN) direction, the mandatory/
option (M/O) kind, and the data length. The message kind of
the message 1ndicates whether the vacant channel data 1is
included 1 the message. When “n” 1s equal to O, the
subsequent data elements (group number, carrier frequency
number, channel number) are not included in the message
and 1t 1s adequate for the message to mclude an indication
that no vacant channel exits. When “n” 1s not equal to 0, the
subsequent data elements (group number, carrier frequency
number, channel number) corresponding to the respective
vacant channels are included in the message. It 1s desirable
that the message contains detailed information of the vacant
channels on both the upstream channel and the downstream
channel.
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FIG. 11 shows a communication state information receiv-
ing procedure executed by the mobile station unit 10 that 1s
in a receiving condition of the group communication.

As shown 1n FIG. 11, at a start of the communication state
information receiving procedure, the mobile station unit 10
receives a broadcast message of the communication state
information from the SACCH or the FACCH of the down-
stream communication channel (S301). After the step S301
1s performed, the mobile station unit 10 determines whether
the message kind, included in the received message, indi-
cates the presence of the vacant channel data (S302).

When the result at the step S302 1s negative, the mobile
station unit 10 receives the data of the kind indicated by the
message kind (S303). After the step S303 is performed, the
communication state 1nformation receiving procedure of
FIG. 11 1s terminated.

When the result at the step S302 1s atfirmative, the mobile
station unit 10 receives the vacant channel data (S304). It is
adequate for the vacant channel data received at step S304
to 1indicate the presence of the vacant channel. After the step
S304 1s performed, the mobile station unit 10 determines
whether an end of the vacant channel data 1n the message 1s
detected (S305). When the result at the step S305 is
negative, the step S304 1s repeated until the end of the vacant
channel data i1s detected.

When the result at the step S3085 1s affirmative, the mobile
station unit 10 stores the received vacant channel data into
the channel data storage portion 12 (S306). After the step
S306 1s performed, the communication state information
receiving procedure of FIG. 11 1s terminated.

During the period that the vacant channel data 1s received
and stored into the channel data storage portion 12, the
normal group communication receiving procedure 1s per-
formed at the mobile station unit 10 1n parallel. In the
receiving procedure of FIG. 11, the mobile station unit 10
receives the broadcast message of the communication state
information from the SACCH or the FACCH of the down-
stream communication channel. The normal group commu-
nication operation of the mobile station unit 10 1s not
affected by the receiving procedure of FIG. 11, and the
mobile station unit 10 can receive the communication state
information from the base station unit 20 and store 1t into the
channel data storage portion 12. Accordingly, when the
necessity to perform the one-way communication occurs,
the mobile station unit 10 can independently determine
whether the vacant channel exists, and can immediately
transmit, if 1t exists, a call request to the base station unit 20.

FIG. 12 shows a communication state information receiv-
ing procedure executed by the mobile station unit 10 that 1s
in a waiting condition before a start of the group commu-
nication (not in a receiving condition thereof).

As shown 1n FIG. 12, at a start of the communication state
information receiving procedure, the mobile station unit 10
receives a broadcast message of the communication state
information from the BCCH of the downstream control
channel (S401). After the step S401 is performed, the mobile
station unit 10 determines whether the extended data ele-
ment 1s included in the received message (S402). When the
result at the step S402 1s negative, the procedure of FIG. 12
1s terminated. When the result at the step S402 1s affirmative,
the mobile station unit 10 receives the extended data element
(S403). The mobile station unit 10 determines whether an
end of the extended data element in the message 1s detected
(S404). When the result at the step S404 is negative, the step
S403 1s repeated until the end of the extended data element
1s detected.
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When the result at the step S404 1s affirmative, the mobile
station unit 10 receives all the extended data element 1n the
message. The mobile station unit 10 determines whether the
message kind, mcluded 1 the received message, indicates
the presence of the vacant channel data (S405).

When the result at the step S405 1s negative, the mobile
station unit 10 receives the data of the kind indicated by the
message kind (S406). After the step S406 is performed, the

communication state information receiving procedure of
FIG. 12 1s terminated.

When the result at the step S405 1s atfirmative, the mobile
station unit 10 receives the vacant channel data (S407). After
the step S407 1s performed, the mobile station unit 10
determines whether an end of the vacant channel data 1n the
message 1s detected (S408). When the result at the step S408
1s negafive, the step S407 1s repeated until the end of the
vacant channel data 1s detected.

When the result at the step S408 1s affirmative, the mobile
station unit 10 stores the received vacant channel data mto
the channel data storage portion 12 (5409). After the step
S409 1s performed, the communication state mnformation
receiving procedure of FIG. 12 1s terminated.

During the period that the vacant channel data 1s received
and stored into the channel data storage portion 12, the
mobile station unit 10 1s operating in a waiting condition for
the normal group communication. In the receiving proce-
dure of FIG. 12, the mobile station unit 10 receives the
broadcast message of the communication state information
from the BCCH of the downstream control channel. The
waiting operation of the mobile station unit 10 1s not affected
by the receiving procedure of FIG. 12, and the mobile station
unit 10 can receive the communication state information
from the base station unit 20 and store it into the channel
data storage portion 12. Accordingly, when the necessity to
perform the one-way communication occurs, the mobile
station unit 10 can independently determine whether the
vacant channel exists, and can transmit, 1f 1t exists, a call
request for a one-way communication, which uses the
vacant channel, to the base station unit 20.

In the mobile communication system of the present
embodiment, the mobile station unit 10 transmits, after the
communication state information 1s stored in the channel
data storage portion 12 of the mobile station unit 10, a call
request for an upstream one-way communication to the base
statton unmit 20. When transmitting the call request, the
mobile station unit 10 uses the upstream communication
channel related to the radio zone where the mobile station
unit 10 exasts. The channel format of the user specific
channel USC of the upstream communication channel is
shown 1n FIG. 6A. A call request processing sequence that
1s performed 1n the above case by the mobile station unit 10
to the base station unit 20 1s shown 1n FIG. 13. In the present
embodiment, the call request processing 1s started when a
orven key operation 1s manually performed by the user on
the mobile station unit 10. Alternatively, the call request
processing may be automatically started.

FIG. 14 shows a call request message transmission pro-
cedure executed by the mobile station unit 10 1n the above
case. Suppose that, 1n the procedure of FIG. 14, an access
allowance message 1s transmitted to the mobile station unit
10 by the base station unit 20 as shown 1n FIG. 13.

As shown 1in FIG. 14, the mobile station unit 10 deter-
mines whether a call request for an upstream one-way
communication exists (S501). The step S501 is repeated
until the result at the step SS501 1s atfirmative. The mobile
station unit 10 determines whether the vacant channel exists,
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based on the communication state information stored 1n the
channel data storage portion 12 (S502). It is adequate for the
vacant channel data 1n the received message to indicate the
presence of the channel data, regardless of whether it relates
to the upstream channel or the downstream channel. The

step S502 1s repeated until the result at the step S502 1s
affirmative.

When the result at the step S502 1s atfirmative, the mobile
station unit 10 determines whether the collision control
information, sent by the base station unit 20, 1s received

(S503).

In the mobile communication system of the present
embodiment, the base station unit 20 transmits collision
control information to the mobile station unit 10 by using the
CAUC of the downstream control channel. FIG. 15 shows the
collision control information sent by the base station unit 20.
As shown 1n FIG. 15, the collision control information
includes an 1dle/busy code 1I/B, a received/not-received code
R/N, and a cyclic redundancy check code PE. The I/B 1is
indicative of whether the base station unit 20 1s 1n a busy
condition (the transmission of a message to the base station
unit 20 is inhibited) or in an idle condition (the transmission
of a message to the base station unit 20 is allowed). When
the I/B 1s set to 1, 1t indicates the 1dle condition of the base
station unit 20 (I/B=1), and, when the I/B is set to O, it
indicates the busy condition of the base station unit 20
(I/B=0). The R/N 1is indicative of whether the base station
unit 20 1s 1 a recerwving condition or not. When the R/N 1s
set to 1, 1t indicates that the base station unit 20 1s 1n the
receiving condition, or the receiving is possible (R/N=1),
and, when the R/N 1s set to 0, 1t indicates that the base station
unit 20 1s not 1n the receiving condition, or the receiving 1s
impossible (R/N=0). The PE is a 16-bit cyclic redundancy
check code for the CAC of the downstream control channel.

In the procedure of FIG. 14, when the result at the step
S503 1s negative, the control of the mobile station unit 10 1s
transferred to the above step S502. When the result at the
step S503 1s affirmative, the mobile station unit 10 deter-
mines whether the 1dle/busy code 1I/B of the collision control
information received is equal to 1 (S504). When the result at
the step S504 is negative (I/B=0), the control of the mobile
station unit 10 1s transferred to the above step S502. When
the result at the step S504 1s affirmative (I/B=1), the mobile
station unit 10 transmits a frame of the call request message

to the base station unit 10 (S505).

After the step S505 1s performed, the mobile station unit
10 determines whether the R/N of a following collision
control information that 1s received from the base station
unit 20 after one frame 1s transmitted from the mobile station
unit 10 to the base station unit 20 is equal to 1 (5S506). In the
step S506, the mobile station unmit 10 further determines
whether the PE of the following collision control informa-
fion 1s correct. When the result at the step S506 1s negative,
the control of the mobile station unit 10 1s transferred to the
above step S502. When the result at the step S506 1s
affirmative, the mobile station unit 10 determines whether an
end of the call request message i1s detected (S507).

When the result at the step S507 1s negative, the control
of the mobile station unit 10 1s transferred to the above step
S502. When the result at the step S507 1s atfirmative, the call

request message transmission procedure of FIG. 14 1s ter-
minated.

In the procedure of FIG. 14, when the R/N 1s equal to O,

the mobile station unit 10 performs a retransmission of the
call request message to the base station unit 20 in accordance
with the I/B of the collision control information. The mobile
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station unit 10 transmits the call request message (including
the transmission radio condition message and the transmis-
sion call setup) to the base station unit 20 by using the SCCH
of the upstream control channel CAC.

FIG. 16 shows a transmission radio condition message
that 1s transmitted to the base station unit 20 by the mobile
station unit 10. As shown 1n FIG. 16, the transmission radio
condition message 1ncludes a message kind, a mobile-station
kind, and a receiving level, and each of these data elements
includes the upstream/downstream (UP/DN) direction, the
mandatory/option (M/Q) kind, the data length, and others.

FIG. 17 shows a transmission procedure executed by the
mobile station unit 10 from a start of the call request
message transmission (the upstream one-way
communication) to an end of the call request message
transmission.

Suppose that, 1n the procedure of FIG. 17, the mobile
station unit 10 already receives the vacant channel data on
the group communication before transmitting a call request
for an upstream one-way communication, and already rec-
ognizes the vacant channel of the upstream one-way com-

munication channel based on the received vacant channel
data.

As shown 1 FIG. 17, at a start of the transmission
procedure, the mobile station unit 10 transmits the call
request for the upstream one-way communication to the base
station unit 20 (S601). After the step 601 is performed, the
mobile station unit 10 determines whether a communication
channel designation, sent by the base station unit 20, is
received (5602). When the result at the step S602 is
negative, the procedure of FIG. 17 is terminated. When the
result at the step S602 1s affirmative, the mobile station unit
10 shifts the current channel to the communication channel
designated by the base station unit 20 (S603).

After the step S603 1s performed, the mobile station unit
10 scarches a sync word SW 1n the communication channel
in order to synchronize the communication channel (S604).
The mobile station unit 10 determines whether the commu-
nication channel 1s synchronized (S605). When the result at
the step S6035 1s negative, the mobile station unit 10 deter-
mines whether a timeout occurs (S606). When the result at
the step S606 1s negative, the steps S604 and S605 are
repeated. When the result at the step S606 1s affirmative, the
procedure of FIG. 17 1s terminated.

On the other hand, when the result at the step S6035 1s
atfirmative, the synchronization of the communication chan-
nel 1s achieved. The mobile station unit 10 transmits a
one-way communication message to the base station unit 20
by using the upstream communication channel (5607). The
mobile station unit 10 determines whether an end of the
one-way communication message is detected (S608). When
the result at the step S608 1s negative, the step S607 1is
repeated until the end of the message 1s detected. When the
result at the step S68 1s atfirmative, the procedure of FIG. 17
1s terminated.

When the call request message transmission (the upstream
one-way communication) 1s started at the mobile station unit
10 during the receiving of the group communication, the
recewving of the group communication 1s temporarily
stopped and the procedure of FIG. 17 1s performed.

In the mobile communication system of the present
embodiment, the call request, transmitted by the mobile
station unit 10 1n the above case, 1s delivered to the central
control unit 30 via the base station unit 20. In response to the
call request, the central control unit 30 determines whether
the vacant channel actually exists with respect to the radio
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zone of the base station unit 20 where the mobile station unit
10 originating the call request 1s located. When the vacant
channel exits, the central control unit 30 assigns the vacant
channel to the mobile station unit 10 originating the call
request. Then the central control unit 30 transmits a result of

the channel assignment concerning the mobile station unit
10 to the base station unit 20.

The base station unit 20 transmits a call setup acknowl-
cdge message to the mobile station unit 10 by using the
SCCH of the downstream control channel or the SACCH of
the downstream communication channel. Further, the base
station unit 20 transmits a radio channel designation to the
mobile station unit 10 so that a call setup processing between
the base station unit 20 and the mobile station unit 10. When
the call setup 1s completed, the base station unit 20 transmits
an access allowance message to the mobile station unit 10.

FIG. 18 shows an access allowance message that 1s
transmitted to the mobile station unit 10 by the base station
unit 20 1n the above case. As shown 1n FIG. 18, the access
allowance message includes a message kind (which indi-
cates a radio channel designation), a frequency code, a slot
number, a scramble code (for communication channel), a
mobile-station transmit power designation (for communica-
tion channel), and channel information (for communication
channel), and each of these data elements includes the
upstream/downstream (UP/DN) direction, the mandatory/
option (M/O) kind, the data length, and others.

When the access allowance message, sent by the base
station unit 20, 1s received, the mobile station unit 10 shifts
the current channel to the upstream communication channel
(the vacant channel) that is designated by the base station
unit 20 with the downstream control channel. The mobile
station unit 10 accesses the downstream communication
channel that corresponds to the designated upstream com-
munication channel, and establishes synchronization of the
downstream communication channel. Then the mobile sta-
fion unit 10 performs a new one-way communication by
using the designated upstream communication channel (the
vacant channel).

In a case 1 which the mobile station unit 10 that 1s 1in a
receiving condition of the group communication (using the
downstream communication channel) receives the access
allowance message from the base station unit 20, the mobile
statton unit 10 terminates the group communication and
starts performing a new one-way communication by using
the designated upstream communication channel (the vacant
channel).

In the above-described embodiment, when the access
allowance message sent by the base station unit 20 1s
received, the mobile station unit 10 accesses the downstream
communication channel that corresponds to the designated
upstream communication channel, and establishes synchro-
nization of the downstream communication channel. In this
case, the mobile station unit 10 can establish synchroniza-
tion of the downstream communication channel by receiving
an SSB (or a sync burst signal) sent with the downstream
communication channel, and therefore it can establish syn-
chronization of the upstream communication channel (the
vacant channel).

FIG. 19 shows a communication channel synchronization
procedure executed by the mobile station unmit 10 i1n the
above case.

As shown 1n FIG. 19, at a start of the communication
channel synchronization procedure, the mobile station unit
10 shifts the current channel to the downstream communi-

cation channel that 1s used for the group communication
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(S701). As described above, this downstream communica-
fion channel corresponds to the upstream communication
channel (the vacant channel) that 1s designated by the base
station unit 20 with the downstream control channel.
However, if the mobile station umit 10 1s 1n a receiving
condition of the group communication, the mobile station
unit 10 does not perform the step S701.

After the step S701 1s performed, the mobile station unit
10 determines whether the extended data element 1s included
in the message that 1s received from the downstream control
channel (58702). When the result at the step S702 is negative,
the procedure of FIG. 19 1s terminated.

When the result at the step S702 1s atfirmative, the mobile
station unit 10 searches a sync word SW 1n the received
message (S703). The mobile station unit 10 determines
whether the sync word SW 1n the received message 1s
detected (S704). The step S704 is repeated until the result at
the step S704 1s afirmative. When the result at the step S704
1s afhirmative, the mobile station unit 10 determines whether
synchronization of the downstream communication channel
is established (S705). The step S705 is repeated until the
result at the step S705 1s affirmative. When the result at the
step S705 1s affirmative, the mobile station unit 10 can
establish synchronization of the upstream communication
channel (the vacant channel). The procedure of FIG. 19 is
terminated.

In the mobile communication system of the present
embodiment, after a call setup between the mobile station
units 10 1s established for a new one-way communication,
the base station unit 20 (the broadcast message portion 25)
fransmits a broadcast message, indicating the prevention of
a call request using the upstream communication channel
(the vacant channel), to other mobile station units 10 that can
perform the one-way communication. In particular, the
number of vacant channels in the communication state
information shown in FIG. 10 is decreased by one, and the
base station unit 20 transmits the broadcast message 1nclud-
ing the decreased number of vacant channels to other mobile

station units 10.

Further, there 1s a case 1n which the mobile station units
10 in the group communication include a transmitter mobile
station unit 10, located 1n the radio zone of the base station
unit 20, and a receiver mobile station unit 10, not located 1n
the radio zone of the base station unit 20. In the above case,
the downstream communication channel corresponding to
the upstream communication channel used by the transmitter
mobile station unit 10 1n the group communication is unused
(or the vacant channel). Suppose that a demand for perform-
Ing a new one-way communication takes place in the above
case. In the mobile communication system of the present
embodiment, the central control unit 30 transmits the vacant
channel data, mndicating that the downstream communica-
tion channel 1s unused (the vacant channel), to a second base
station unit 20 of the recerver mobile station unit 10, and the
receiver mobile station unit 10 performs a receiving proce-
dure of the new one-way communication that uses the
downstream communication channel (the vacant channel).

In the above case, there 1s no mobile station unit 10, which
1s 1n a receiving condition of the group communication, 1n
the radio zone of the base station unit 20 where the trans-
mitter mobile station unit 10 of the group communication
exists. The receiver mobile station unit 10 uses the down-
stream communication channel (the vacant channel) to per-
form the receiving procedure of the new one-way
communication, as follows.

For example, when a demand for downstream one-way
transmission of character information (sent by facsimile) or
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voice information (sent by telephone) to the mobile station
unit 10 via the base station unit 20 takes place, a calling
message 1s transmitted to the mobile station unit 10 by using
the broadcast control channel. When the mobile station unit
10 responds to the calling message, the downstream com-
munication channel that 1s unused 1s preferentially assigned
to the mobile station unit 10, and the downstream one-way
communication is initiated. The calling message (the

BCCH) includes a message kind and a receiver station
identifier, and each of these data elements include the
upstream/downstream (UP/DN) direction and the
mandatory/option (M/O) kind.

As described 1n the foregoing, in the mobile communi-
cation system of the present embodiment, the base station
unit 20 transmits a broadcast message to each mobile station
unit 10 by using the downstream control channel or the
downstream communication channel, and the mobile station
unit 10 can independently determine whether the vacant
channel exists, and can transmit, if 1t exists, a call request for
a one-way communication, which uses the vacant channel,
to the base station unit 20. Further, the call request, trans-
mitted by the mobile station unit 10, 1s delivered to the
central control unmit 30 via the base station unit 20. In
response to the call request, the central control unit 30

determines whether the vacant channel actually exists 1n the
radio zone of the base station unit 20 where the mobile

station unit 10 originating the call request 1s located. When
the vacant channel exits, the central control unit 30 assigns
the vacant channel to the mobile station unit 10 originating
the call request. In the communication state monitor portion
34 of the central control unit 30, the vacant channel data
stored 1n the channel management memory 1s updated as a

result of this channel assignment. The central control unit 30
transmits the resulting vacant channel data concerning the

mobile station unit 10 to the base station unit 20.

Accordingly, the mobile communication system of the
above-described embodiment 1s effective 1 providing efli-
cient use of the available frequency channels. It 1s not
necessary to perform a preliminary communication in order
to ensure the channel needed for the mobile station unit to
perform a one-way communication. The mobile communi-
cation system of the above-described embodiment can carry
out a one-way communication with efficient use of the
vacant channels as in the group communication performed
by the conventional mobile communication system.

Alternatively, the transmission of a broadcast message of
the communication state information to each mobile station
unit 10 may be omitted. In such alternative embodiment, 1t
1s also possible to carry out the one-way communication
using the vacant channel. Namely, the mobile station unit 10
starts the call request processing when a given key operation
1s manually performed by the user on the mobile station unit
10, or automatically starts the call request processing.

In the above-described embodiment, the communication
state monitor portion 23 and the communication state moni-
tor portion 34 are provided 1n the base station unit 20 and the
central control unit 30, respectively. Alternatively, a single
communication state monitor portion may be provided in
one of the base station unit 20 and the central control unit 30
or 1n another part of the mobile station unit 10.

The present invention 1s not limited to the above-
described embodiments, and variations and modifications
may be made without departing from the scope of the
present mvention.

Further, the present invention 1s based on Japanese pri-
ority application No.2000-086703, filed on Mar. 27, 2000,
the entire contents of which are hereby incorporated by
reference.
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What 1s claimed 1s:

1. A mobile communication system in which a central
control unit assigns pairs of upstream and downstream
channels to mobile station units located 1n a radio zone of a
base station unit to carry out a two-way communication
between the mobile station units, and the central control unit
assigns pairs of upstream and downstream channels to the
mobile station units to carry out a one-to-multiple group
communication between the mobile station units, compris-
ng:

a memory unit, provided in the central control unit,

storing vacant channel data indicative of the presence
ol a vacant channel with respect to the group commu-

nication carried out by the channel assignment of the
central control unit;

a broadcast message unit, provided in the base station
unit, transmitting a broadcast message containing the
vacant channel data, stored in the memory unit, to each
of the mobile station units;

a message receiving unit, provided 1n one of the mobile
station units, receiving the broadcast message transmit-
ted by the broadcast message unit; and

a call request transmission unit, provided in said one of
the mobile station units, transmitting, when the vacant
channel data of the received message indicates the
presence of the vacant channel, a call request for a
one-way communication using the vacant channel, to
the base station unit,

wherein the central control unit assigns the vacant channel
to said one of the mobile station units 1n response to a
call request for a one-way communication using the
vacant channel, which 1s sent by said one of the mobile
station units, and updates the vacant channel data,
stored 1n the memory unit, as a result of the assignment
of the vacant channel.

2. The mobile communication system according to claim
1, wherein said message receiving unit receives the broad-
cast message from a predetermined information arca of a
downstream communication channel when said one of the
mobile station units 1s 1n a receiving condition of the group
communication, and said message recelving unit receives
the broadcast message from a predetermined information
arca of a downstream control channel when said one of the
mobile station units 1s 1n a waiting condition.

3. The mobile communication system according to claim
1, wherein each of the mobile station units includes a
channel management memory storing the vacant channel
data contained in the broadcast message that i1s received
when the mobile station unit 1s 1n one of a waiting condition
and a recerving condition of the group communication, and
the call request transmission unit determines whether the
vacant channel exists, based on the vacant channel data
stored 1n the channel management memory, and, when the
vacant channel 1s determined as existing, the call request
transmission unit transmits the call request.

4. The mobile communication system according to claim
1, wherein the mobile station units in the group communi-
cation i1nclude a transmitter mobile station unit and a
receiver mobile station unit, and the central control unit 1s
coniligured to transmit, when the transmitter mobile station
unit 1s located 1n the radio zone of the base station unit and
the receiver mobile station unit 1s not located in the radio
zone, and a downstream communication channel corre-
sponding to an upstream communication channel used by
the transmitter mobile station unit in the group communi-
cation 1s unused, vacant channel data, indicating that the
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downstream communication channel 1s unused, to a second
base station unit of the receiver mobile station unit, so that
the receiver mobile station unit uses the downstream com-
munication channel to perform a receiving procedure of a
new one-way communication.

5. A mobile communication system 1n which a central
control unit accesses a home location register that manages
location mnformation of respective mobile station units, the
central control unit assigning pairs of upstream and down-
stream channels to mobile station units located 1n a radio
zone of a base station unit to carry out a two-way comimu-
nication between the mobile station units, and the central
control unit assigning pairs of upstream and downstream
channels to the mobile station units to carry out a one-to-
multiple group communication between the mobile station
units, the mobile station units 1n the group communication
including a transmitter mobile station unit and a receiver
mobile station unit, comprising:

a channel control unit, provided 1n the central control unit,
transmitting, when the transmitter mobile station unit 1s
located 1n the radio zone and the receiver mobile station
unit 1s not located 1n the radio zone, vacant channel
data, indicating that an upstream communication chan-
nel corresponding to a downstream communication
channel used 1n the group communication 1s unused, to
a second base station unit of the receiver mobile station,
the channel control unit assigning, when a call request
for a one-way communication using the upstream com-
munication channel 1s received from the second base
station unit, the upstream communication channel to
the receiver mobile station unit; and

a call request transmission unit, provided 1n the receiver
mobile station unit, transmitting, when the vacant chan-
nel data transmitted by the channel control unit is
received, the call request for the one-way
communication, to the second base station unit, so that
the receiver mobile station unit performs the one-way
communication using the upstream communication
channel.

6. The mobile communication system according to claim
5, wherein the call request transmission unit accesses, when
performing the one-way communication using the upstream
communication channel, the downstream communication
channel, and establishes synchronization of the downstream
communication channel.

7. The mobile communication system according to claim
S, wherein the receiver mobile station unit includes a mes-
sage receiving unit receiving a broadcast message contain-
ing the vacant channel data, transmitted by the second base
station unit, the message receiving unit receives the broad-
cast message from a predetermined information area of a
downstream communication channel when the receiver
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mobile station unit 1s 1n a receiving condition of the group
communication, and the message receiving unit receives the
broadcast message from a predetermined information area of
a downstream control channel when the receiver mobile
station unit 1s 1n a waiting condition.
8. A control unit for use 1n a mobile communication
system, comprising:
a first unit assigning pairs of upstream and downstream
channels to mobile station units located 1n a radio zone
ol a base station unit to carry out a two-way comimu-
nication between the mobile station unaits;

a second unit assigning pairs of upstream and downstream
channels to the mobile station units located 1n the radio
zone of the base station unit to carry out a one-to-
multiple group communication between the mobile
station units;

a memory unit storing vacant channel data indicating the
presence ol a vacant channel with respect to the group
communication carried out by the channel assignment
of the second unait;

a transmission unit transmitting the vacant channel data,
stored 1n the memory unit, to a desired one of the
mobile station units via the base station unit; and

a vacant channel data unit assigning the vacant channel to
the desired one of the mobile station units 1n response
to a call request for a one-way communication using
the vacant channel, which 1s sent by the desired one of
the mobile station units, and the vacant channel data
unit updating the vacant channel data, stored in the
memory unit, as a result of the assignment of the vacant
channel.
9. A mobile station unit for use 1n a mobile communica-
tion system, comprising:

a call setup unit establishing a call between the mobile
station unit and a base station unit having a radio zone
where the mobile station unit 1s located;

a control unit receiving, when the mobile station unit 1s 1n
one of a waiting condition and a receiving condition of
a group communication, vacant channel data sent by
the base station unit, the vacant channel data indicating
the presence of a vacant channel 1 the group
communication, the control unit storing the received
channel data into a memory area of the mobile station
unit, and determining whether the vacant channel
exists, based on the stored channel data; and

a transmission unit transmitting, when the control unit
determines that the vacant channel exists, a call request
for a one-way communication using the vacant channel
to a central control unit via the base station unit.
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